Background
Synthetic cannabinoids were originally developed to study endogenous cannabinoid receptors and for therapeutic drug development [1, 2] . They have much greater affinity for the cannabinoid receptors CB1 and CB2 than naturally occurring cannabinoids. Production and manufacturing of these compounds for illicit use have become attractive, as these compounds are perceived to give a more intense 'high' than natural cannabinoids, and they escape detection by traditional urine drug screens [1, 2] .
Several synthetic cannabinoids are commercially available, including but not limited to JWH 018, JWH 157, JWH 176, HU 210, and UR-144 [1, 2] . Synthetic cannabinoids are marketed under brand names, such as 'spice,' 'K2,' or 'space.' They are labeled as being not for human consumption or aromatherapy use only. Synthetic cannabinoids produce physiological and psychoactive effects similar to delta-9-tetrahydrocannabinol but with greater intensity. Their use has been associated with several complications, including seizures, myocardial infarction, ischemic strokes, and acute renal failure [1] .
A case is reported of status epilepticus and stress cardiomyopathy following the recreational use of the synthetic cannabinoid, UR-144.
Case Report
A 19-year-old woman, weighing 67.8 kg, presented with generalized tonic-clonic seizures after smoking the synthetic cannabinoid known as 'space' (Figure 1 ) [1] . She had no history of other drug use, and she was previously healthy with no medical history and no allergies. She was transferred to a small, regional emergency department, Foothills Medical Centre in Calgary, Alberta, Canada, where she experienced a further generalized tonic-clonic seizure.
On examination following hospital transfer, her vital signs included a heart rate (HR) of 138 beats per minute (bpm), blood pressure (BP) of 90/60, a respiratory rate (RR) of 28 per min, and a temperature of 37.1°C. Her blood glucose was 10.1 mmol/L. The seizures were refractory to treatment with 8 mg of intravenous (IV) lorazepam, 10 mg of IV midazolam, and 1400 mg of IV phenytoin. The patient was subsequently intubated and transferred to a tertiary care hospital. After approximately three hours of intermittent seizure activity, her seizures were finally controlled with intravenous infusions of midazolam, propofol, and 1500 mg of IV levetiracetam. The patient required intermittent blood pressure support with intravenous norepinephrine and intubation. Computed tomography (CT) imaging of the head was normal. Her metabolic workup was unremarkable with a normal glucose level, and a blood ethanol level of <2 mmol/l. A lumbar puncture was performed and showed no cerebral spinal fluid (CSF) abnormalities.
She was admitted to the intensive care unit (ICU), where she was extubated the following day. At this time, the patient had a normal mental status and was stable. However, she was tachycardic with a heart rate of approximately 150 bpm. On day 3 following admission, the patient started to complain of shortness of breath and was found to be tachypneic and hypoxic. An electrocardiogram (ECG) showed dynamic ST-T wave changes in the anteroseptal precordial leads and the development of pathologic Q waves ( Figure 2) . A chest X-ray showed pulmonary edema. Her troponin levels peaked at 268 ng/l. An echocardiogram showed severe global hypokinesia with an ejection fraction (EF) of 16% and apical ballooning. The basal portions of the ventricular walls were hyperdynamic, while the mid to apical regions were akinetic. She was treated with noninvasive positive pressure ventilation (PPV), low-dose ramipril, and titrated doses of intravenous nitroglycerin.
Further history from the patient revealed no prior use of cocaine, ethanol, or any sympathomimetic substances, but she admitted to smoking the synthetic cannabinoid known as 'space' multiple times for at least an hour to two hours before her initial presentation. She had no significant past medical history and no prior seizures. Because conventional urine drug assays are not able to detect synthetic cannabinoids, a comprehensive urine drug screen using gas chromatography-mass spectrometry (GC-MS) was performed. Urine screening was positive for the synthetic cannabinoid UR-144 and negative for cocaine, amphetamines, tetrahydrocannabinol (THC) and other synthetic cannabinoids. The GC-MS comprehensive urine drug screen detected the following 11 synthetic cannabinoid metabolites: RSC-4 [N- (5-carboxypentyl In the ICU, she developed respiratory fatigue and was intubated. Subsequently, a diagnostic coronary angiography was performed, which showed no coronary artery dissection or stenosis and did not suggest any anomalous coronary artery origin. She then underwent myocardial biopsy, which showed mild myocardial cell hypertrophy and fibrosis but was not diagnostic for myocarditis, amyloidosis, sarcoidosis, or hemochromatosis. Hemodynamic and respiratory parameters improved, and the patient was subsequently extubated. A cardiac MRI was performed and confirmed the findings of stress cardiomyopathy (Figures 3, 4) . Repeat echocardiography showed a significant improvement in left ventricular function a week following her initial presentation. Her ejection fraction improved to 40%, although the apical portion of the ventricles remained hypokinetic. The ECG changes resolved, and she was discharged on hospital day 10 with bisoprolol 5 mg per day and lisinopril10 mg per day with a diagnosis of stress cardiomyopathy.
Discussion
To our knowledge, this is the first reported case that describes the development of transient severe biventricular failure in association with recent exposure to synthetic cannabinoids. One previously reported case was of a 16-year-old male patient who presented with chest pain 60-90 min after smoking the synthetic cannabinoid, K2 [3] . This previously reported case developed persistent ST-segment elevation and had a peak troponin level of 8.29 ng/ml [3] . Another case series described three cases of myocardial injury also associated with the recent use of K2 [4] . In all cases, ST-segment elevation was reported with increased troponin levels, but there was no global ventricular dysfunction. In the patient presented in the present report, two days after smoking the synthetic cannabinoid, 'space,' there was evidence of myocardial dysfunction and severe biventricular failure requiring advanced airway protection and inotropic support.
Synthetic cannabinoids are molecules that have much higher affinity for cannabinoid receptors than delta-9 tetrahydrocannabinol, which is the most physiologically active ingredient in marijuana) [2] . Marijuana has previously been associated with cardiovascular complications after following its use [5] [6] [7] [8] [9] . Therefore, it is not surprising that synthetic cannabinoids lead to similar complications. Marijuana has been shown to increase the risk of myocardial infarction by 4.8-fold in the first hour after smoking [8] . Synthetic cannabinoids have been implicated in ischemic stroke in three previously reported cases [10, 11] .
In the patient presented in this report, the synthetic cannabinoid, UR-144, was detected in urine. UR-144 was developed as a research chemical by Abbott Laboratories in 2006 [12] . Structurally, it is similar to JWH-018, one of the first synthetic cannabinoids detected in herbal preparations for illicit use [13, 14] . UR-144 has a much higher affinity for CB2 receptors and a lower affinity for CB1 receptors [12] . CB1 receptors are thought to be responsible for the psychoactive effects experienced with synthetic cannabinoids [15] . Despite the weak CB1 affinity, UR-144 has been reported by drug users in internet forums to have positive psychoactive properties [16] .
To our knowledge, one case report in Poland described the development of prolonged seizure activity in a 22-year-old man after smoking a 'joint' that was later discovered to include UR-144 [16] . However, the patient did not develop cardiovascular complications and was discharged from the emergency department on the same day of admission [16] .
The mechanism of transient cardiomyopathy resulting from the use of synthetic cannabinoids is unclear. Whether it is a direct effect from synthetic cannabinoid itself or an indirect effect from the other complications of synthetic cannabinoid use, for example, from prolonged seizure activity, remains to be elucidated. Synthetic cannabinoids cause hypertension and tachycardia, probably as a result of stimulation of the sympathetic nervous system combined with parasympathetic blockade [17] . There have been previous reports of cannabinoid-induced coronary vasospasm [18, 19] . Also, CB1 and CB2 receptors are found in myocardial tissue [20, 21] . Although endogenous cannabinoids (endocannabinoids) have been proposed to be cardioprotective under situations of stress, the activation of CB1 receptors cause depressed myocardial contractility and hypotension [20, 21] . The effects of the catecholamine surge associated with coronary vasospasm might have resulted in an increased demand to supply ratio that could have caused or exacerbated the myocardial damage and the stress cardiomyopathy induced in this patient. Also, cannabinoid smoking is associated with an increase in carboxyhemoglobin levels, which can reduce the oxygen-carrying capacity of the blood, further exacerbating myocardial ischemia [22, 23] .
Acute stress cardiomyopathy, or Takotsubo cardiomyopathy, is more common in women who have a history of psychiatric or neurologic disease [24] . Stress cardiomyopathy can be triggered by a variety of stimuli, including those affecting the central nervous system (CNS) [24] . The majority of cases (81%) are reversible but can clinically mimic acute coronary syndrome (ACS) [24] . However, in the patients presented in this report, there was no history of emotional stressors, and stress cardiomyopathy was probably related to the effects of the synthetic cannabinoid and the recurrent seizures.
The mechanism of seizures from synthetic cannabinoids remains unknown. Cannabinoid receptors mediate neuronal excitability via g-aminobutyric acid (GABA) and glutamate neurotransmission [25] . Specifically, cannabinoid receptors reduce both glutamate and GABA neurotransmission in the brain. Glutamate is an excitatory amino acid, and reducing its neurotransmission will result in reduced susceptibility to seizures [25] . However, GABA is an inhibitory amino acid, and reducing its neurotransmission will increase the susceptibility to seizures [25] . Some synthetic cannabinoids may have a more potent effect in reducing GABA neurotransmission than in reducing glutamate neurotransmission [25, 26] , which might partly explain their overall epileptogenic mechanism. While seizures have been described previously following synthetic cannabinoid use [16, 27] , the status epilepticus experienced by this patient appears to be unique in the literature and may have contributed to her cardiomyopathy.
Conclusions
A case is reported of status epilepticus and stress cardiomyopathy following the recreational use of the synthetic cannabinoid, UR-144. Physicians should be aware of these potentially lethal complications associated with the recreational use of this and other illicit synthetic cannabinoids. In adults and adolescents who present with symptoms of chest pain or shortness of breath, it is important to ask about the use of synthetic cannabinoids as well as other illicit sympathomimetic drugs as part of the general clinical assessment.
